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[57] ABSTRACT

An internal combustion engine includes a crank shaft
having a crank web, a crank pin on one end of the crank
web, and a weight on an opposite end of the crank web,
a crank case supporting the crank shaft therein, a cylin-
der, a piston reciprocally fitted in the cylinder, a rod
coupled to the piston by a piston pin and connecting the
piston to the crank pin for reciprocally moving the
piston in the cylinder, the crank case having an opening
and extending obliquely to axes of the crank shaft and
the cylinder. The cylinder has an end corresponding to
a bottom dead center of the piston and having a first
recess opening toward the opening, the first recess
being of a size allowing the piston pin to pass there-
through when the piston is in the bottom dead center.
The weight on the crank web has on one side a second
recess of a shape defining with the end of the cylinder a
space allowing the piston as disconnected from the rod
to pass therethrough.

2 Claims, 13 Drawing Figures
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INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to an internal combus-
tion engine, and more particularly to an improved inter-
nal combustion engine having a substantially horizontal
cylinder and a substantially vertical crank shatft.

2. Description of the Prior Art:

There are known internal combustion engines having
a substantially horizontal cylinder and a substantially
vertical crank shaft. One such internal combustion en-
gine is disclosed in Japanese Patent Laid-Open Publica-
tion No. 54-27615 published Mar. 1, 1979. According to
the disclosed internal combustion engine, a crank case
can be divided into parts along a plane lying obliquely
to the direction in which a piston can reciprocate and
the axis of a crank shaft, so that crank shaft bearings can
be precision-machined and the overall engine can easily
be assembled.

When disassembling the prior internal combustion
engine for servicing or repair, however, the piston can-
not be removed unless a crank pin is pulled out to sepa-
rate the crank shaft from a connecting rod and take out
the crank shaft in advance. The present invention has
been made in an effort to eliminate such an inconvenient

disassembling procedure.
SUMMARY OF THE INVENTION

According to the present invention, there is provided
an internal combustion engine comprising a crank shaft
having a crank web, a crank pin on one end of the crank
web, and a weight on an opposite end of the crank web,
a crank case supporting the crank shaft therein, a cylin-
der, a piston reciprocally fitted in the cylinder, a rod
coupled to the piston by a piston pin and connecting the
piston to the crank pin for reciprocally moving the
piston in the cylinder, the crank case having an opening
and extending obliquely to axes of the crank shaft and
the cylinder, the cylinder having an end corresponding
to a bottom dead center of the piston and having a first
recess opening toward the opening, the first recess
being of a size allowing the piston pin to pass there-
through when the piston is in the bottom dead center,
and the crank web being disposed on an axial end of the
crank shaft, the weight having a second recess on one
side thereof, the second recess being of a shape defining
with the end of the cylinder a space allowing the piston
as disconnected from the rod to pass therethrough.

Therefore, it is a primary object of the present inven-
tion to provide an internal combustion engine in which
a piston and a connecting rod can be removed from an
engine body without having to take out a crank shaft
previously when disassembling the engine.

Another object of the present invention is to provide

an internal combustion engine having an arrangement

of engine components suitable for enabling a crank shaft
to directly drive an engine-operated machine, driving a
cam shaft meshing with the crank shaft to control intake
and exhaust valves of the engine, and picking up drive
power through an output shaft meshing with the crank
shaft. |

Still another object of the present invention 1s to
provide an internal combustion engine having a simple
structure for achieving high-speed rotation of a gover-
nor which controls the throttle valve of a carburetor.
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The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc-
tion with the accompanying drawings in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a vertical cross-sectional view of an internal
combustion engine according to the present invention;

FI1G. 2 is a cross-sectional view taken along line 2—2
of FIG. 1;

FIG. 3 is a fragmentary cross-sectional view of a
governor in the internal combustion engine of Fl1G. 1;

FIG. 4 is an enlarged fragmentary cross-sectional
view as seen in the direction of the arrow 4, the view
showing different sections of engine components;

FIG. 5 is a plan view of a crank shaft and a crank
web:;

FIG. 6 is a plan view of a cylinder, a piston, and the
crank web as they are positioned when the piston 1s In
the bottom dead center;

FIG. 7 is a fragmentary cross-sectional view of the
components shown in FIG. 6;

FIG. 8 is an enlarged fragmentary cross-sectional
view similar to FIG. 7, showing the manner in which a
connecting rod is removed,;

FIG. 9 is a plan view of the cylinder, the piston, and
the crank web as they are positioned to allow the piston
to be removed;

FIG. 10 is a partially sectional side elevational view
of the components illustrated in FIG. 9;

FIG. 11 is an exploded cross-sectional view of the
internal combustion engine;

FIG. 12 is a plan view of a lawn mower on which the
internal combustion engine of the present invention 1s

mounted; and
FIG. 13 is a side elevational view of the lawn mower

shown in FIG. 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As shown in FIG. 1, an internal combustion engine E
has a vertical crank shaft 20 supported in a cantllevered
fashion, a horizontal cylinder 3, a vertical crank case 1
housing the crank shaft 20, a cylinder block 4 and a
cylinder head 5 which jointly define the horizontal
cylinder 3, the crank case 1, the cylinder block 4 and the
cylinder head 5 comprising an integral casting.

The crank case 1 has an upper opening 15 defined by
an edge extending obliquely to the axes of the crank
shaft 20 and the cylinder 3 and downwardly from an
end of the cylinder 3 which is remote from the cylinder
head 5. The upper opening 15 is covered with a remov-
able cover 16 made of a pressed steel sheet. The cover
16 has an upper bulging sheet portion 162 accommodat-
ing a breather 41 therein. A downwardly bulging sheet
42 underlies the upper sheet portion 16a¢ and serves as a
baffle for the breather 41. The downwardly bulging
sheet 42 has a lower surface doubling as an o1l guide and
includes a lowest portion 43 positioned in substantial
alignment with a central axis C of the crank shaft 20.

A piston 7 is slidably fitted in the cylinder 3. An
ignition plug 30 is mounted on the cylinder head 5 and
extends obliquely downwardly toward the cyhnder 3.
The cylinder head 5 also supports laterally spaced in-
take and exhaust valves 31 (one shown in FIG. 1) in a
central portion thereof. The valves 31 have valve stems
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32 held in engagement with ends of respective rocker
arms 33, the other ends of which engage distal ends of
push rods 34, respectively. The push rods 34 slidably
extend through a push rod passage 35 defined below the
cylinder 3 in lower portions of the cylinder block 4 and
the cylinder head 5. A cover 37 in the form of a pressed
steel sheet 1s mounted on the cylinder head 5 1n cover-

ing relation to the rocker arms 33.
‘The crank shaft 20 has a crank web 22 on an upper

end thereof, a crank pin 24 on an upper surface of one
end of the crank web 22, the crank pin 24 being posi-
tioned eccentrically with respect to the central axis of
the crank shaft 20, and weights 225, 22¢ on an opposite
end of the crank web 22. The crank shaft 20 extends
downwardly and is supported in a cantilevered manner.

The crank case 1 has a vertical bearing 2 on the bot-
tom thereof having axially spaced bearing portions 2gq,
2b by which the crank shaft 20 is rotatably supported.
The vertical bearing 2 has an upper end 2c¢ serving as a
thrust bearing for supporting the crank shaft 20 in its
axial direction.

A cylinder sleeve 6 is fitted in the horizontal cylinder
3. The piston 7 is slidably fitted in the cylinder sleeve 6
and connected to a smaller-diameter end 11 of a hori-
zontal connecting rod 10 by a piston pin 9 extending
through a pin hole 8 in the smaller-diameter end 11. The
connecting rod 10 has a larger-diameter end 12 fitted
over the crank pin 24 of the crank shaft 20. The larger-
diameter-end 12 1s prevented from being axially de-
. tached from the crank pin 24 by a holder plate 71 fas-
~ tened by a bolt 18 to an end surface of the crank pin 24.
The plate 71 doubles as a base of a governor 70.

- The crank shaft 20 has a lower end portion including
an output end 20z projecting downwardly of the crank
case 1. A cutter blade 46 or other desired engine-
-operated member 1s detachably fastened to the output
. end 20a by a holder 45.
- The crank shaft 20 has gear teeth 25 of a certain axial
—length around an intermediate outer peripheral surface.
- The.bearing 2 has a recess 47 in its side closer to the
~ cylinder 3 with the gear teeth 25 being partially exposed
~in"the recess 47. A horizontal cam shaft 50 extends
through the recess 47 in a direction normal to the crank
shaft 20 and has gear teeth 51 on an intermediate periph-
eral surface thereof which are held in mesh with the
gear teeth 25.

As clearly illustrated in FIG. 2, the cam shaft 50 has
cams 32, 52 spaced axially in axially sandwiching rela-
tion to the gear teeth 51. The cam shaft 50 has an end
S0a journalled in a bearing recess 13 defined in the
crank case 1. The cam shaft 50 supports an oil slinger 53
thereon in the vicinity of an opposite end 505 for scrap-
ing up oil. The end 506 of the cam shaft 50 is rotatably
journalled in a bearing 49 of a cap 48 covering a lateral
opening 47a of a recess 47 in the bearing 2. The cams 52,
52 on the cam shaft 50 are held against lifters 36 slidably
supported in guide holes 38, respectively, defined in an
end portion of the push rod passage 35.

As illustrated in FIG. 1, the push rods 34 have ends
Joined to the lifters 36 and opposite ends engaging ends
of the rocker arms 33, the other ends of which are held
in engagement with outer ends of the stems 32 of the
intake and exhaust valves 31. These components jointly
constitute a valve operating mechanism.

Turning back to FIG. 2, an output shaft 60 is disposed
in substantial alignment with the circumference of the
gear teeth 25 and angularly spaced from the cam shaft
30. More specifically, the output shaft 60 is angularly
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spaced about 90° from the cam shaft 50 and lies in the
same plane as that in which the cam shaft 50 lies, so that
the shafts 60, 50 have axes extending perpendicularly to
each other. The output shaft 60 has an end 60a jour-
nalled in a bearing recess 14 defined 1n the crank case 1
adjacent to the bearing recess 13 in perpendicular rela-
tion thereto. A power pickup gear 61 is fixedly mounted

on the output shaft 60 closely to the end 60z and held in
mesh with the gear teeth 25 on the crank shaft 20 in

90°-spaced relation to the gear teeth 51 on the cam shaft
50. The output shaft 60 has an intermediate portion 605
journalled in a bearing boss 28 disposed in the vicinity
of the bearing 2 of the crank case 1. The output shaft 60
also has an end 60c remote from the end 60a and pro-
jecting out of the crank case 1 for transmitting engine
power through a clutch mechanism (not shown) to
wheels (not shown).

Therefore, the cutter blade or engine-operated mem-
ber 46 mounted on the output end 20q of the crank shaft
20 1s rotated in response to rotation of the crank shaft 20
for performing a desired operation. Rotation of the
crank shaft 20 causes the gear teeth 25, 51 to drive the
cam shaft 50 for opening and closing the valves 31.
Rotative power from the crank shaft 20 also flows to
the output shaft 60 through the gear teeth 25 and the
gear 61 meshing therewith in angularly spaced relation
to the gear teeth 51. The output shaft 60 then causes the
clutch mechanism to drive the wheels to move the
entire machine.

The governor 70 positioned in a space above the
crank web 22 on the upper end of the crank shaft 20
serves to control the throttle valve in a carburetor.

As shown in FIG. 3, the holder plate 71 of the gover-
nor 70 has a base portion 72 fastened by the bolt 18 to
the upper end surface of the crank pin 24. The base
portion 72 of the holder plate 71 has two slit pieces 73
(only one shown) engaging respectively in two recesses
24a (only one shown) defined in the upper end surface

-of the crank pin 24 to posiiion the base portion 72 with

respect to the crank pin 24. As described above, the base
portion 72 serves as a stopper plate for preventing the
connecting rod 10 from being detached from the crank
pin 24. |

The holder plate 71 also has an integral extension 73
extending from the base portion 72 across the central
axis C of the crank shaft 20 in overhanging relation to
the crank web 22. The extension 75 has a pin hole 76
aligned with the central axis C of the crank shaft 20. A
center pin 81 is fitted in the pin hole 76 and disposed
vertically on the extension 75 with its central axis ¢
aligned with the central axis C.

The extension 75 has a pair of diametrically opposite
slit weight brackets 77, 77 erected one on each side of
the center pin 81. Governor weights 82, 82 are pivotally
supported on the weight brackets 77, 77, respectively,
by means of pivot pins 78, 78. A cap-shaped governor
shider 84 1s slidably mounted on the center pin 81 in
covering relation to an upper portion of the center pin
81. The governor slider 84 has a lower flange 85 having
a lower end surface against which pusher arms 83, 83
integral with the governor weights 82, 82 are held in
diametrically opposite relation to each other.

As illustrated 1in FIG. 4, the governor slider 84 has a
pusher end 86 positioned in a guide port 43a defined in
the lowermost portion 43 of the bulging sheet 42. The
pusher end 86 1s held against an end of a link mechanism
87 operatively coupled to the throttle valve of the car-
buretor. The extension 75 of the holder plate 71 has an
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upstanding portion 79 at a distal end thereof. The por-
tion of the holder plate 71 between the base portion 72
and the extension 75 is slit to provide an upstanding

portion 74. These upstanding portions 74, 79 serve to.

give the extension 75 an increased degree of rigidity.

Referring back to FIG. 1, the cover 16 covering the
opening 15 in the crank case 1 has peripheral flanges 162
fastened by bolts 19 to attachment bosses 1la disposed
peripherally around the opening 15. The cover 16 can
therefore be detached by unfastening the bolts 19. The
- opening 15 is of a size that is necessary and sufficient for
introducing the crank shaft 20 therethrough into the
crank case 1. An upper end 4a of the cylinder block 4
facing the opening 15 and an upper end 6a of the cylin-
der sleeve 6 facing the opening 15 have a semicircular
recess 17 defined by an edge which is arcuately curved
upwardly away from the axis of the cylinder 3. The
recess 17 is of a size greater than the diameters of the
piston pin 9 and the smaller-diameter end 11 of the
connecting rod 10.

As shown in FIG. 5, the crank web 22 of the crank
shaft 20 is composed of a base portion 22a on which the
crank pin 24 is formed, the righthand half weight 220
projecting rightward, and the lefthand half weight 22¢
projecting leftward. The base portion 22z has a right-
hand side edge 22g leading to the righthand half weight
225 and a lefthand side edge 224 leading to the lefthand
half weight 22¢, the lefthand side edge 224 being longer

 than the righthand side edge 22g. The lefthand half

weight 22¢ has an edge contiguous to and extending
perpendicularly from the lefthand side edge 224 and
blending into an arcuate front edge 22e. The lefthand
side edge 22d and the edge of the lefthand half weight
22¢ contiguous thereto jointly define a recess 22f
(shown on the lefthand side). Thus, the crank web 22 is
unbalanced in weight and asymmetrical in shape. In
FIG. 5, the connecting rod 10, the piston 7, and the

~ piston pin 9 are schematically shown by the imaginary
" lines. The direction of rotation of the crank shaft 20 is

~indicated by the arrow A with the recess 22/ positioned
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 on the leading side at the time the crank web 22 1s ro-

7 tated.

The internal combustion engine E having the recess
17 in the end of the cylinder 3 and the recess 22fin one
side of the crank web 22 will be disassembled and as-
sembled as follows: |

In FIG. 1, the cover 16 is detached by unfastening the
bolts 19 to expose the opening 15 in the crank case 1.
Then, the bolt 18 is removed from the upper end surface
of the crank pin 24 to detach the holder plate 71 sup-
porting the governor weights 82, 82. The larger-diame-
ter end 12 of the connecting rod 10 can now be de-
tached from the crank pin 24.

The crank shaft 20 is thereafter rotated to bring the
piston 7 to the bottom dead center as shown in FIGS. 6
and 7. The piston 7 is lowered in the cylinder 3 until a
lower piston portion including a lower end 7b of a skirt
7a is exposed out of the end 3a of the cylinder 3, where-
upon the piston pin 9 faces the recess 17 in the cylinder
3. The piston pin 9 is now pulled out. The smaller-diam-
eter end 11 of the connecting rod 10 and the piston 7 can
now freely be moved. Then, the piston 7 as separated
from the connecting rod 10 is moved into the cylinder 7
to allow the smaller-diameter end 11 of the connecting
rod 10 to face the recess 17. By lifting the connecting
rod 10 along the axis of the crank pin 24, the larger-
diameter end 12 is detached from the crank pin 24 as
illustrated in FIG. 8.
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Thereafter, the crank shaft 20 is turned from the
above position counterclockwise through 90° in FIG. 6
to bring the recess 22f in the crank web 22 into con-
fronting relation to the end 3a of the cylinder 3. At this
time, there is a space S (FIG. 10) defined between the
edge 22d of the recess 22f and the end 3a of the cylinder
3 and wide enough to take up the vertical dimension of
the piston 7. Then, the piston 7 is axially pulled out of
the cylinder 3 into the space S as shown in FIGS. 9 and
10. The piston 7 can be taken out of the crank case 1
through the opening 15 for repair such as replacement
of the piston rings.

The piston 7 and the connecting rod 10 can be assem-
bled and re-assembled in a procedure which is a reversal
of the foregoing procedure. The piston 7 can be taken
into or out of the crank case 1 with the crank shaft 20
remaining assembled in the crank case 1.

The crank shaft 20 can be removed by first pulling
out the cam shaft 50 through the opening 47a larger in
diameter than the gear teeth 51, and then pulling out the
freed crank shaft 20 through the opening 15. Accord-
ingly, the piston 7, the connecting rod 10, and the crank
shaft 20 can all be removed out without having to disas-
semble the cylinder 3 and the crank case 1, as illustrated
in FIG. 11.

FIGS. 12 and 13 show a lawn mower as one example
of an engine-operated machine on which the internal
combustion engine according to the present inventionis
mounted.

.The lawn mower, generally denoted by the reference
numeral 101, has a machine body 102 having wheels 103
at its corners, a handle 104 exending rearward and up-
wardly from a rear end of the machine body 102, and a
housing 105 which is circular when viewed in plan and
disposed diametrically between the wheels 103. The
housing 105 is open downwardly and houses a cutter
blade 106 therein. A power unit 107 is mounted on the
housing 105. A grass discharge chute 108 is mounted on
the housing 105 on one side thereof and directed rear-
ward and upwardly. The grass discharge chute 108 has
an outlet coupled to an end of a grass collector bag 109
disposed alongside of the handle 104 and having an

‘opposite end hooked on a side pin of the handle 104.

Designated at 114 is a cover which covers the power
unit 107, 115 a fuel tank, and 116 an cooling air inlet.

The power unit 107 is composed of an internal com-
bustion engine 110 according to the present invention,
the engine 110 including a cylinder 113 having an axis N
inclined through an angle of 8° from a longitudinal axis
N; of the machine body 102 away from the grass dis-
charge chute 108.

Usually, the crank shaft of a single-cylinder engine is
balanced such that the engine will produce principal
vibrations due to rotation of the crank shaft in a direc-
tion normal to the axis of the cylinder. Where the axis N
of the cylinder is inclined with respect to the central
longitudinal axis N; of the machine body as with the
engine installation of the lawn mower 101, the principal
vibrations of the engine are produced in the direction of
the arrow X1 shown in FIG. 12. Such engine vibrations
contain components tending to vibrate the handle in the
longitudinal direction of the machine body, thus ad-
versely affecting control of the machine body. With the
engine according to the present invention, however, the
crank web 22 of the crank shaft is asymmetrical in a
horizontal plane as described with reference to FIG. 5.
Such an arrangement causes the engine to produce
principal vibrations in the transverse direction of the
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arrow X in FIG. 12 while allowing the axis N of the
cylinder 113 to be inclined to the longitudinal axis Ny,
thereby reducing longitudinal vibratory forces trans-
mitted to the handle 104 to as small a level as possible.

The internal combustion engine according to the
present invention can be installed on other engine-

operated machines than the lawn mower. While the
internal combustion engine with the vertical crank shaft

has been shown and described, the present invention is

equally applicable to an internal combustion engine

having a horizontal crank shaft. |
The embodiment of the present invention has the
following advantages:

1. The piston pin and the piston can easily be inserted
and pulled out without having to remove the crank
shaft from the crank case, with the result that the
engine can be maintained or serviced and assembled
with utmost ease.

3

10

135

2. The engine construction is simple and the number of 20

engine components 1s small as the output shaft can be

driven by the gear teeth on the crank shaft for driving

the cam shaft.

3. Since the output shaft lies in the same plane as that 1n
which the cam shaft lies, the inner end of the output
shaft can be supported by the wall portion which
supports the cam shaft, and hence the opposite ends

- of the ontput shaft 1s supported by a simple structure.
4. The crank case or the engine is rendered compact
because the output shaft extends perpendicularly to
the cam shaft.

5. The governor has a central axis aligned with the
central axis of the crank shaft and is disposed over the
end surface of the crank shaft. This construction
allows the governor to rotate at the same high speed
as that of rotation of the crank shaft. The governor
can achieve higher performance through the simple
arrangement.

Although there has been described what is at present
considered to be the preferred embodiment of the pres-
ent invention, 1t will be understood that the invention
may be embodied in other specific forms without de-
parting from the spirit or essential characteristics
thereof. The present embodiment is therefore to be
considered in all aspects as illustrative, and not restric-
tive. The scope of the invention is indicated by the
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'appended claims rather than by the foregoing descrip-

tion.

What 1s claimed is:

- 1. A method of disassembling and assembling an in-
ternal combustion engine which includes

a crank shaft having a crank web, a crank pin on one
end of said crank web, and a weight on an opposite
end of said crank web;

a crank case supporting said crank shaft therein;

a cylinder;

a piston reciprocally fitted in said cylinder;

a rod coupled to said piston by a piston pin and con-
necting said piston to said crank pin for recipro-
cally moving said piston in said cylinder;

said crank case having an opening extending
obliquely to axes of said crank shaft and said cylin-
der;

said cylinder having an end corresponding to a bot-
tom dead center of said piston and having a first
recess opening toward said opening, said first re-
cess being of a size allowing said piston pin to pass
therethrough when said piston 1s in said bottom
dead center; and

sald crank web being disposed on an axial end of said
crank shaft, said weight having a second recess on
one side thereof exposing adjoining back and side
inwardly spaced surfaces of said weight, said sec-
ond recess being of a shape defining with said end
of said cylinder a space allowing said piston as
disconnected from said rod to pass therethrough,
the method comprising the steps of:

(a) exposing said opening in said crank case;

(b) positioning said piston in said bottom dead cen-
ter in said cylinder via movement of said crank
shaft to cause said piston pin and a pin hole there-
for in said rod to face said first recess;

(c) passing said piston pin through said pin hole;

(d) bringing said second recess into confronting
relation to said end of said cylinder to define said
space therebetween via movement of said crank
shaft such that said weight extends normal to
said piston; and

(e) passing said piston through said space.

2. A method according to claim 1, further including

the steps of causing an end of said rod closer to said
piston to face said first recess, and passing said end of

said rod through said first recess.
L * X W %
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